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 6 
Abstract: Lecturing has been a staple of university pedagogy, but a shift is ongoing because 7 
of evidence that active engagement with content helps strengthen learning and build more 8 
advanced skills. The flipped classroom, which delivers content to students outside of the class 9 
meeting, is one approach to maximize time for active learning. The fundamental benefit of a 10 
flipped class is that students learn more, but ensuring student preparation and engagement can 11 
be challenging. Evaluation policies can provide incentives to guide student effort. Flipping a 12 
class requires an initial time commitment, but the workload associated with evaluating 13 
student work during the course can be mitigated. The personal interactions from active 14 
learning are extremely rewarding for students and instructors, especially when class sizes are 15 
small and suitable room layouts are available. Overall, flipping a course doesn’t require 16 
special training, just a willingness to experiment, reflect, and adjust. 17 
 18 
1. Introduction 19 
For centuries university students have been listening to lectures from their professors. Clearly that 20 
approach can lead to positive outcomes, as students graduate knowing more than when they arrived and 21 
they go on to have success in their future careers. But is lecturing the most effective way of helping our 22 
students acquire the knowledge and skills they need to be successful scientists? The answer seems to be 23 
no (Freeman et al., 2014). Cognitive science research and classroom studies show how learners must 24 
actively engage with the material to gain a deep understanding and acquire the skills to successfully apply 25 
their knowledge in varied situations (Brown et al., 2014). 26 
 27 
Active learning is not a new idea. We have all used it, for example to learn how to play a musical 28 
instrument, shoot a basketball, knit a sweater, or to ride a bike or drive a car. We also employ active 29 
learning in field trip and lab activities in our courses, where students typically learn to identify fossils by 30 
actually looking at fossils. However, active learning exercises still require that the students have some 31 
foundational knowledge, including a common vocabulary and familiarity with underlying concepts 32 
 33 
One approach to increase the amount of active learning in the classroom, while recognizing the 34 
continuing need to deliver content, is the “flipped classroom” model (for a summary, see Milman, 2012). 35 
The flipped classroom gets its name because it inverts the traditional lecture approach (it’s also 36 
sometimes called an “inverted classroom”), delivering content outside of the classroom and allocating in-37 
class time to active learning exercises. The out-of-class content delivery phase of the learning cycle can 38 
take several different forms, and there are similarly many choices for how to structure the in-class 39 
activities. 40 
 41 
In this chapter, I will discuss my experiences at the University of California Santa Cruz (UCSC) in 42 
converting three lecture-style courses to flipped classes. I will focus both on benefits and also potential 43 
concerns of the flipped class format, and I aim to provide some practical suggestions for overcoming 44 
those challenges based on my personal experiences. These courses (Invertebrate Paleobiology, 45 
Sedimentology and Stratigraphy, and Statistics and Data Analysis in the Geosciences) are all upper-46 
division electives taken primarily by juniors and seniors, with enrollments in the range of 15-30 students. 47 
As a result, my experiences may be different than if the courses were required, had larger enrollment, or 48 
were taught at a different academic level. UCSC is a medium-sized and moderately-selective public R1 49 
research university. In fall 2016, 42% of undergraduates were first-generation college students and 39% 50 
were Pell Grant recipients (https://www.universityofcalifornia.edu/infocenter/fall-enrollment-glance). 51 
UCSC is also a Hispanic-Serving Institution and, in fall 2017, 31% of Earth and Planetary Science majors 52 
were Hispanic or Latino. Our program is large (for an Earth Science department): 198 majors in fall 2017 53 
and on average 60 graduating students per year. 54 
 55 
2. Implementing the flipped classroom 56 
First, I’ll provide some background to describe how I have implemented active learning and converted my 57 
courses to a flipped class structure. There is no single “correct” way to flip the classroom so, although I 58 
will discuss my choices, it’s important to craft policies and procedures that align with your personal 59 
teaching style and with the resources and time available to you. Flipping the classroom can go as far as 60 
shifting all content delivery to outside of the classroom and spending all in-class time on activities, but 61 
that is simply one end of a continuum. You don’t have to go from 0 to 100% at once. I transitioned the 62 
invertebrate paleobiology course to a flipped class with an incremental approach, by initially adding in-63 
class activities to some class meetings, so in those select class meetings we would spend 75% of time on 64 
lecturing and 25% of time on hands-on work. Over time I started recording videos to be able to expand 65 
the short activities into hour-long exercises that occupied the entire class time, and started designing more 66 
activities for other topics. In contrast, I shifted my sedimentology/stratigraphy course from pure lecture to 67 
100% flipped class all at once. For reasons of instructor workload (and sanity) I would not recommend 68 
that approach! 69 
 70 
To introduce the content, I produced short videos by recording my voice over PowerPoint slides 71 
(following a pre-prepared script), using PowerPoint’s built-in slideshow recording option. The videos are 72 
typically around 10 minutes long, and no more than 15 minutes. I saved the videos as MPEG movie files 73 
and then uploaded them to a YouTube channel for the class. These YouTube videos are also available for 74 
anyone to watch, but it’s possible to make the videos unlisted and only available with a link you provide 75 
to your students. My approach was fairly low-tech and didn’t require video-editing software or any 76 
special skills on my part, so it should be a process that anyone can adopt. Having a pre-written script 77 
helps the video narration flow more smoothly but the script could also be posted for students to view. I 78 
have not tried this, but there are potential benefits, such as providing a framework for student note-taking, 79 
aiding accessibility for international students or English-language learners, and demonstrating the correct 80 
spelling of technical terms (where YouTube’s automated captioning often fails spectacularly). If you have 81 
the desire, there are more sophisticated possibilities for interactive online instruction, but they may 82 
require special software or technical support from trained personnel. Although the videos have been 83 
surprisingly popular among students, videos or online content are also not the only choices for pre-class 84 
assignments. To give some examples, you could assign readings from a textbook or the internet, have 85 
students read an article from the scientific literature, or ask them to participate in online discussions. 86 
 87 
My in-class activities are primarily pen-and-paper worksheets with conceptual exercises, the kind of 88 
exercises that many of us have been assigning as homework in a lecture-style course. Some involve 89 
hands-on work: for example students flip coins to generate a bounded random walk, or explore 90 
adaptations to soft substrates using metal and clay shapes of different sizes in containers of water-91 
saturated sand (this activity can get a bit messy…). Others have the students analyze real or simulated 92 
data and models on computers during class. The full list of exercises can be found at my website: 93 
https://people.ucsc.edu/~mclapham/eart101.html. I have also found inspiration for activities at the SERC 94 
website (Science Education Resource Center; https://serc.carleton.edu), which is a great resource for 95 
lessons that can be used or adapted for in-class work. My primary suggestion when designing in-class 96 
exercises, like the design of pre-class videos or readings, is to work within your comfort zone and choose 97 
the types of activities that match your teaching style. 98 
 99 
The transition to a flipped classroom can be a stepwise process, so it’s beneficial to experiment, reflect on 100 
what worked and didn’t work, and then adjust. This advice applies not only to the in-class activities but 101 
also to pre-class content delivery. That’s not to say the shift is without challenges, but adopting a flipped 102 
classroom doesn’t require any special training beyond the motivation to try. The challenges associated 103 
with the flipped class format can be overcome, and the benefits are well worth the effort. 104 
 105 
3. Benefit: students learn more 106 
The most fundamental benefit from switching to a flipped class structure that incorporates in-class active 107 
learning is that students learn more than they would in a traditional lecture (e.g., Moravec et al., 2010; 108 
Deslauriers et al., 2011; Mason et al., 2013; Freeman et al., 2014), although the improvements may 109 
derive largely from active learning rather than the flipped structure itself (Jensen et al., 2015). The 110 
improved performance from active learning may be especially pronounced for underprepared students 111 
(Ryan & Reid, 2016) and those who come from more disadvantaged backgrounds (Haak et al., 2011; 112 
Freeman et al., 2014), although not all studies support this (He et al., 2016). 113 
 114 
My anecdotal experiences have been consistent with these research findings. Although the flipped 115 
classroom isn’t a cure-all, it’s been noticeable how students do in fact gain a deeper understanding of the 116 
material with active learning. I made simultaneous changes to exam rules and structure that prevent a 117 
more quantitative assessment, but my qualitative impression is that there has been particular improvement 118 
in students’ ability to apply their knowledge to more authentic problem-solving situations. The flipped 119 
class format allows (more accurately, forces) students to grapple with actual problems, which in many 120 
cases can be open-ended and partially ambiguous, providing them with a more realistic experience. 121 
Rather than focusing on superficial memorization, students actually gain skills that scientists use. I’ve 122 
been pleasantly surprised by the difference that shifting to a flipped class has made to student confidence 123 
and expertise. 124 
 125 
3.1 Associated challenge: students may not recognize that they are learning 126 
Because the in-class activities often feature authentic problem-solving tasks, which forces students to 127 
confront challenging and unknown questions, students can feel like they are struggling and therefore that 128 
they aren’t learning. Of course, this is the opposite of the truth! This misperception likely arises because 129 
many students don’t realize that effortful practice on challenging material and retrieval of information by 130 
self-testing actually promote learning (Brown et al., 2014). Instead, people often fall into the illusion that 131 
learning occurs when something seems to come easily. A well-presented lecture can make the information 132 
seem straightforward, which seduces the listener into believing they’ve mastered the material (the fluency 133 
illusion). There is also sometimes concern among instructors that students’ perceptions that they aren’t 134 
learning as much may lead to more negative student evaluations of teaching. What strategies are there for 135 
conveying the benefits of active learning to students? 136 
 137 
I’ll start by noting that I haven’t seen any drop in numerical scores on student evaluations of teaching 138 
aside from normal year-to-year fluctuations, and positive written comments about the flipped class format 139 
far outweigh negative ones. That said, I have received two instances (over seven flipped class offerings) 140 
of strongly negative written comments from students who vehemently disliked the format! I suspect there 141 
are also students who dislike the format but who do not complete the student evaluation. I think the 142 
concerns about significant negative consequences for instructor promotion/tenure cases are generally 143 
overestimated, but I recognize that student reactions may be different depending upon the circumstances 144 
and the criteria by which faculty teaching is reviewed will also differ among institutions. Although my 145 
experience has been positive on balance, I have attempted several strategies to further convince students 146 
of the benefits. 147 
 148 
I began to include a paragraph in the course syllabus that briefly outlines the cognitive science 149 
justification for active learning, and I also try to relate instructional design choices back to those 150 
principles. If students mention feeling confused or remark that the exercises are difficult, I may 151 
emphasize how deliberate and deep thinking is actually a good sign of learning (of course, I also help 152 
them clarify their reasoning to move beyond the specific point of confusion). I also try to insert 153 
discussions about topics such as the importance of spaced practice, how repeated retrieval of information 154 
promotes long-term retention, and how knowledge is more easily acquired when building upon a 155 
foundation of prior information. I also emphasize how science, and education more generally, is primarily 156 
not about learning a set body of facts, but instead about acquiring the skills to interpret data, solve 157 
problems, and apply knowledge in new situations. My impression is that students are generally interested 158 
in learning about cognitive and metacognitive strategies, and that these informal discussions do help limit 159 
student resistance to active learning. 160 
 161 
More recently, I’ve added questions about student goals and expectations to the questionnaire I distribute 162 
on the first day of class. The questionnaire was initially intended to learn about students’ preferred name 163 
and pronouns and to gauge their relevant prior coursework, but I now also ask two additional questions. 164 
The first has the students think about a hobby, sport, or other skill and describe what they did to become 165 
proficient at that activity, with the aim of raising the topic of deliberate practice (and sometimes struggle) 166 
as an important way of learning. The second asks the students to rank three learning goals in order of 167 
personal importance: acquiring information, learning how to use information and knowledge in new 168 
situations, and developing lifelong learning skills. Most students rank the latter two goals more highly, 169 
which allows me to raise the benefits of active learning in developing skills to apply science as a process 170 
rather than as a body of facts. The goal of these prompts is to help prime students to view rigorous effort 171 
as a positive trait, so it’s possible they lead to some improvement in student attitudes. 172 
 173 
4. Benefit: in-class work can be made challenging 174 
The flipped classroom isn’t the only way for students to work on exercises; it’s also possible to design 175 
high-quality homework assignments in a lecture-based course. So why go to the trouble of flipping a 176 
class? Although homework assignments also give students opportunities to practice interpreting data or 177 
applying the concepts from lecture, I think it’s more feasible to implement more open-ended and possibly 178 
ambiguous exercises when instructors are on hand to provide guidance. Many of the activities I use in 179 
class, especially in the sed/strat course, are more challenging than I would assign as homework. Working 180 
in class with instructors present gives students the confidence to extend themselves and tackle these 181 
challenging problems. 182 
 183 
4.1 Associated challenge: maintaining student engagement and progress 184 
Students only gain the full benefits of active learning and distributed practice if they complete the 185 
activities in the sequence and at the time at which they are assigned. However, students have many 186 
demands on their time and may not always be able to prioritize your class. How then to best ensure 187 
students participate in and are engaged during the in-class work? 188 
 189 
I have experimented with several methods of grading to incentivize students to complete the in-class work 190 
promptly (Table 1). I initially thought of the classroom activities as in-class equivalents of traditional 191 
homework so I graded student work based on performance. Students ideally turned in the exercise at the 192 
end of the class meeting, although I sometimes allowed assignments to be turned in at the next class when 193 
I misjudged the time that would be required. This approach should, in theory, be very strong motivation 194 
for students to attend class and complete the exercises in a timely fashion. However, even though I was 195 
deliberately very lenient, assessing performance was still stressful for the students so it ended up 196 
distracting from learning. In hindsight, mixing “teaching” and “testing” was a mistake. 197 
 198 
I quickly shifted to grading in-class work for completion only. Assigning points only for completion of 199 
the exercise reduced anxiety and allowed students to concentrate on learning, but policies governing the 200 
completion of those exercises are still important. Until recently I encouraged students to turn in completed 201 
assignments at the end of class or the beginning of the next meeting, but I would give full credit for 202 
assignments turned in at any point. The flexibility of this policy was appealing, especially when students 203 
had circumstances preventing them from focusing on the class, and I also reasoned that it was better for a 204 
student to complete the exercise much later than never at all. However, in rare instances students would 205 
fall far behind and then complete a large number of exercises all at once, defeating the purpose of the 206 
distributed practice inherent in the course design. After this experimentation I have settled on a 207 
compromise approach that assigns full credit for completion of the exercise by the subsequent class and 208 
partial credit for completion of the exercise at any time. The difference in points between on-time 209 
completion and completion at any time is small enough that the effect on a student’s final grade will be 210 
minimal, but this system signals the importance of staying on top of the work. 211 
 212 
Accommodating the pace at which students work through the exercises is an additional challenge, as 213 
some students will pick up the concepts more quickly while others may require more time or will be more 214 
thorough in their work. I have found this one of the most difficult logistical issues to address. One 215 
possible mitigation is to include additional questions that are not part of the assignment but that students 216 
can consider if they have extra time, as a simple form of differentiated instruction. I have built these 217 
additional questions into several in-class exercises (although not all of them) and students generally will 218 
take the time to work on the extra material. The interactive format also allows me to provide more 219 
guidance to students who need support and to let stronger students struggle a bit with the material before I 220 
help. I also partly avoid the problem altogether because the in-class exercises tend to run a little long, 221 
although that’s not ideal. Despite those mitigation strategies, at times some students finish a few minutes 222 
early – typically not more than 5 or 10 minutes before the end of the 65 minute class period. If students 223 
finish the material early, I don’t force them to stay and they’re able to leave class. Although this may 224 
seem like anathema to professors, and may be problematic if student contact time is monitored by 225 
administrators, in principle teaching should focus on student learning rather than time spent. 226 
 227 
4.2 Associated challenge: accommodating greater instructor workload 228 
Frequent in-class work is valuable for student learning but the process of giving feedback can impose a 229 
significant burden on the instructor’s time. I will begin by noting that my teaching load involves 3.25 230 
hours of contact time per week over a 10-week quarter, so strategies that worked for me may not be 231 
feasible for someone who teaches more. What strategies are there for maintaining the quality of feedback 232 
to students but also reducing the burden on the instructor? 233 
 234 
For the first few years of teaching flipped classes, I provided detailed and individualized written feedback 235 
on each student’s assignments, which was hopefully valuable to them but was extremely time-consuming 236 
(1-3 hours of work per assignment) for me! Although feedback is useful in theory, it wasn’t clear that 237 
students read the comments in any detail, so I have more recently begun to explore other options (Table 238 
2). Delegating the assessment to a teaching assistant or grader could be feasible at some institutions, but I 239 
didn’t want to add to the workload of our TAs, who already help out during class, teach the lab sections, 240 
and come on field trips. It may also be difficult to expect TAs or especially undergraduate graders to 241 
provide high-quality feedback given the range of student answers to open-ended questions. My latest 242 
strategy eliminates individualized feedback and substitutes a detailed key that I make available to the 243 
students after the exercises have been submitted. I collect student assignments to scan for widespread 244 
misconceptions that we can discuss as a group, but otherwise I don’t make any annotations to the 245 
students’ work. Although this has reduced the assessment workload dramatically, my initial feeling is that 246 
this approach is a little too impersonal and that it is also possibly not clear to students whether their 247 
answers meet or fall short of expectations. In future class offerings, I plan to adopt a hybrid approach, 248 
providing the answer key but making notations on each student’s assignment (not written comments) to 249 
mark the answers that fail to meet expectations. 250 
 251 
There is some initial time commitment to set up the keys, which require more thorough written 252 
explanations than would be necessary for my own grading purposes, but there will be time-savings over 253 
the longer term. This would especially be true for larger classes. However, keys have one potential risk in 254 
that they can be passed on to students who take the course in a future offering. If work is entirely in class 255 
it is difficult for students to refer to a previous key, but if students are able to complete work outside of 256 
class there is a risk that they may instead copy the answers. There is no foolproof way of identifying this 257 
academic dishonesty, but answers copied from a key are likely to be unusually similar to the key answers 258 
themselves, a good clue especially if the activities are more open-ended or realistic. Providing 259 
individualized and detailed written feedback is an aspirational standard, and may be achievable depending 260 
on instructor workload and/or availability teaching assistant resources, but my experience suggests that 261 
the use of answer keys is a compromise that maintains most of the educational benefit. 262 
 263 
5. Benefit: students work more 264 
One lesser-publicized benefit of a flipped classroom, beyond the learning gains from active learning 265 
strategies, is that students often must spend more time working on class-related activities. This will not 266 
always be the case (e.g., He et al., 2016), depending on the design of any particular class, but in my 267 
experience it’s rare for a traditional class to assign homework assignments after each meeting. In contrast, 268 
the flipped classroom typically requires students to complete a reading or watch a video before every 269 
class. For example, I tell students that they should plan to spend 30-45 minutes watching the pre-class 270 
video (the video itself is 10-15 minutes), taking good notes, and ensuring that they understand the 271 
concepts. Although I don’t believe many students actually spend 30-45 minutes, any amount of out-of-272 
class effort is on top of the in-class contact time. 273 
 274 
5.1 Associated challenge: ensuring student compliance with pre-class work 275 
Pre-class content acquisition is an important foundation for the in-class activities, but do students actually 276 
complete the assigned pre-class work? The potential that students may not be adequately prepared is a 277 
concern for instructors, so what strategies are best for ensuring or incentivizing compliance? Do these 278 
strategies motivate students to engage meaningfully with the pre-class work? 279 
 280 
First, I’ll note that my experience in upper-division elective courses is that students are generally 281 
conscientious, although there certainly are times when some students watch the video just as class is 282 
beginning or fail to watch the video altogether. The experience may be different for a class that is 283 
required or in a general education class designed for non-majors, as some students in those courses may 284 
have less motivation for the subject material. That said, I have experimented with different strategies for 285 
pre-class compliance (Table 3). 286 
 287 
Initially I tried low-stakes online quizzes administered through and automatically graded by our campus 288 
learning management system. Most students completed the quizzes, but it’s not clear how deeply they 289 
engaged with the material because the quizzes were designed to be quite easy. The quizzes also 290 
comprised only 10% of the overall grade, divided among 20 or more quizzes, so the incentive to complete 291 
any single quiz was not that strong. One additional downside was that students would occasionally claim 292 
technical difficulties – for example, that they submitted the quiz but the scores didn’t appear in their 293 
record – and those claims were difficult to adjudicate. It may be less intrusive to integrate assessment 294 
questions with the content delivery in a more sophisticated online design, but my use of voice-over 295 
PowerPoint videos didn’t permit that approach. 296 
 297 
I wasn’t particularly satisfied with the use of quizzes as a penalty for non-compliance, so I have also 298 
experimented with an honor-system approach (although there was still an incentive because students are 299 
able to use their notes during the final exam). I also briefly considered but abandoned the idea of 300 
assigning a small point value and checking students’ notes at the beginning of class, which proved to be a 301 
logistical hassle, so I have settled on trusting that students will take charge of their out-of-class learning. 302 
There wasn’t any noticeable change in student preparation (based on qualitative observation only) after I 303 
eliminated the quiz requirement, suggesting that while quizzes likely prompted more students to look at 304 
the out-of-class work, those students probably only engaged superficially with the material. 305 
 306 
The use of pre-lecture quizzes (or checking of notes) to enforce engagement with out-of-class work raises 307 
the issue of what to do with students who still do not complete the tasks. Should those students be barred 308 
from participating in the in-class activities because they did not complete the preparatory work? There is a 309 
trade-off between allowing students to take charge of their own education, even at the risk of having some 310 
students ignore beneficial activities, versus creating requirements to encourage or force students to 311 
complete activities that are beneficial to their learning, even if those activities are not the students’ highest 312 
priority at a particular time. Barring attendance unless students complete the preparatory work should be a 313 
strong incentive to students, but is also an inflexible policy that is not accommodating of other demands 314 
(school, work, family, health, etc.) on students’ time. I have not tried this strategy; in my classes students 315 
lost a small number of points for failing to submit a pre-class quiz, but could still participate in class 316 
activities. A stricter approach may work for others, but the key is choosing policies that you are 317 
comfortable enforcing and that align with your teaching style. 318 
 319 
6. Benefit: greater interaction with and among students 320 
Because students actively work on exercises during the class meeting, rather than sitting quietly during a 321 
lecture, the flipped class approach provides considerably more opportunities for teacher-student 322 
interaction and for group interactions among the students themselves. I find the ability to interact with the 323 
students, whether one-on-one or in small groups, to be tremendously rewarding and far more enjoyable 324 
than lecturing. Likewise, student surveys consistently rank personal interactions with faculty as an 325 
important predictor of satisfaction (Chambliss & Takacs, 2014; Gallup-Purdue Index Report, 2015). 326 
Working with students on course-related activities doesn’t necessarily foster a close relationship, but I’m 327 
still able to get to know students on a more personal level and to talk (briefly, at least) about academic 328 
planning, career goals, or issues navigating the university bureaucracy. Even though instructors are 329 
committed to student success regardless of the class format, providing individualized guidance as students 330 
work through problems also enhances the perception that the classroom is a supportive environment. 331 
 332 
The flipped classroom also provides more frequent and more direct opportunities to monitor student 333 
learning. Of course, most of us ask questions when lecturing in an attempt to engage students and assess 334 
their understanding, but this provides more limited feedback than a conversation where students explain 335 
and justify their thought process. The course structure that asks students to turn in written answers for 336 
each exercise also allows me to identify and briefly address misconceptions that may be shared among a 337 
wider group of students, rather than waiting for the results of infrequent exams. I have found this early 338 
assessment to be extremely useful in identifying students who may need more support to succeed in the 339 
course, and frequent feedback to students can also help them monitor their own progress. The flipped 340 
class also permits differentiation where some students can receive more support and other students can 341 
work more independently and even extend themselves to consider more nuanced topics beyond the basics 342 
of the lesson. 343 
 344 
The interactive format of in-class active learning, often involving group work, has additional benefits for 345 
student learning and for career preparation. The process of elaboration, where students explain a concept 346 
or their thought process to other students or to the instructor, helps them gain a deeper understanding of 347 
the material. My experience has been mixed; in some class offerings the students rarely discuss the 348 
questions amongst themselves, despite my encouragement, but in others they are highly active in small 349 
groups. This partly seems to depend on the difficulty of the material, with more challenging topics 350 
prompting more group work. Group work exposes students to the process of scientific debate, respectfully 351 
presenting their interpretations and listening to the opinions of others to reach better conclusions. Even if 352 
the exercises are not group projects in the strict sense, students become more skilled at group interactions 353 
and learn how to be effective team players, assets that are highly valued by employers and in academia. 354 
Finally, group work helps the students to get to know each other, which helps to build a stronger and 355 
more supportive community within the department itself. 356 
 357 
6.1 Associated challenge: personnel requirements and logistics 358 
Assigning in-class activities and providing sufficient guidance and support to students during that in-class 359 
work requires a small student-to-instructor ratio. There are other types of active learning that can be 360 
accomplished in larger classes (think-pair-share, one-minute papers, etc.), but the activities that I have 361 
implemented seem like they would be difficult to achieve with a student-to-instructor ratio greater than 362 
15:1 or 20:1. For challenging topics, eliciting more frequent student questions and requiring closer 363 
guidance, a ratio closer to 10:1 would be ideal. I have been fortunate that our department long ago made 364 
the decision to prioritize graduate teaching assistant resources in a way that supports this kind of intensive 365 
teaching (at the expense of TA resources in our large general education courses). For various reasons, you 366 
may not have access to as much instructional support, so what can be done in those situations? Aside 367 
from longer-term options like lobbying your department to shift how teaching assistants are allocated, or 368 
unlikely possibilities like receiving more TA resources from your administration, recruiting past 369 
undergraduates to help out in exchange for course credit is a strategy that I have considered. Many 370 
schools, in particular undergraduate-only institutions, already deploy undergraduates as course assistants. 371 
If it is not feasible to increase the number of instructors (including graduate and undergraduate student 372 
assistants), reducing the complexity or ambiguity of the exercises can mitigate the need for frequent 373 
guidance. One of the benefits of guided in-class active learning is the ability to incorporate more realistic 374 
and open-ended problems, but those problems also tend to require more hand-holding. Students can still 375 
receive much of the benefit of active learning with more concrete and prescribed activities. Finally, you 376 
can always just implement activities with the knowledge that you won’t be able to interact with each 377 
student as often or in as much detail as you ideally would like. In many cases we could provide richer 378 
experiences if additional resources were available, so don’t let perfect be the enemy of good! 379 
The physical layout of the classroom is another potential logistical challenge, at least for larger 380 
classes. Active learning exercises where the students work in small groups, and where the instructors 381 
circulate to discuss topics with the students, need rooms where instructors and students can easily mingle. 382 
This is not an easy task in the typical lecture hall, with its rows of seats! Fortunately many of our 383 
departments have teaching labs with tables or benches that can accommodate 20-40 students. For most 384 
paleontology courses, and Earth science courses in general, that capacity is adequate to run any kind of 385 
active-learning exercise. If you teach a larger course, however, are there strategies to overcome the 386 
challenge of room layouts? Perhaps not much can be done quickly, or on a personal or department level. 387 
Active learning is becoming more widespread so campuses are beginning to consider the requirements of 388 
in-class work when renovating classrooms, so you could lobby your campus administration. The more 389 
immediate solution, if all available rooms have a lecture-theater layout, is to implement different kinds of 390 
active learning more feasible for larger lecture classrooms. 391 
 392 
7. Conclusions 393 
The flipped classroom has numerous benefits, most notably improved student learning but also more 394 
rewarding interactions between instructors and students. In my experience teaching flipped classes, 395 
students become more confident scientists and are better able to apply their knowledge to realistic 396 
problems, important skills as they move to the next phase of their careers. There are logistical challenges 397 
associated with converting a course to a flipped class, but those challenges are less severe than one might 398 
expect and can easily be overcome. Student resistance to active learning is rare, although not absent, but 399 
can be mitigated by introducing students to the cognitive science basis of learning. In-class activities are 400 
the critical component so it is also crucial to ensure student engagement. Grading assignments for 401 
completion, with full credit for timely completion and partial credit for completion at any time, creates a 402 
balance between emphasizing the importance of the in-class work and respecting the many demands on 403 
student lives. Giving individualized feedback can be extremely time-consuming for instructors, but that 404 
commitment can be minimized while maintaining the quality of feedback through the sharing of answer 405 
keys. Ensuring student compliance with pre-class assignments is the most difficult logistical challenge. 406 
Quizzes to assess completion are quite feasible to implement. However, I have been satisfied with trusting 407 
students to make their own choices, even though not all students complete the assignments. The personal 408 
interaction with students is the most extremely rewarding aspect of the flipped class, but is only feasible 409 
with small student-to-instructor ratios and classrooms physically designed to permit interaction. These 410 
resource challenges can be the hardest to overcome because they are largely beyond the instructor’s 411 
control, but the activities can be tailored to fit within the resource constraints. Converting a course to use 412 
a flipped class structure doesn’t require any special skills or training, so it can be successfully 413 
implemented by anyone with time and interest. Most importantly, try out different approaches, reflect on 414 
their success, and continually make adjustments. The effort to design a flipped course will pay dividends 415 
through enhanced learning and improved student success. 416 
 417 
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TABLE 1.—Grading strategies for in-class work 452 
Strategy Benefits Drawbacks 
Grade based on correctness of 
answers, exercises turned in at 
end of class meeting 
Incentivizes student effort and 
promotes timely completion 
Highly stressful for students 
learning material for first time, 
distracting from learning 
Grade based on completion, 
exercises turned in at any time 
Allows students to concentrate 
on learning and provides 
flexibility with other demands 
Some students let work pile up, 
negating benefit of spaced 
practice 
Grade based on completion, full 
credit for exercises turned in by 
next class, partial credit for at 
any time later 
Provides flexibility when 
students face other demands, but 
signals importance of spaced 
practice 
My preferred option, although 
the incentive for timely 
completion may not be that 
strong 
 453 
  454 
TABLE 2.—Strategies for feedback on in-class work 455 
Strategy Benefits Drawbacks 
Instructor provides 
individualized, written feedback 
Granular and detailed 
information for students 
Extremely time-consuming 
Teaching assistant provides 
individualized, written feedback 
Would reduce burden to 
instructor 
Teaching assistants likely have 
high workload already 
Instructor makes answer key 
available 
Detailed information provided 
to students with little burden on 
instructor 
Impersonal, perhaps not clear to 
students if their answers meet 
expectations 
Instructor makes answer key 
available and indicates when 
student answers fail to meet 
expectations 
Detailed information provided 
and semi-personalized feedback 
None? I think this is the best 
compromise and it’s the 
approach I’ll adopt. 
Italics indicate that I have not tried this approach 456 
  457 
TABLE 3.—Strategies for incentivizing compliance on pre-class work 458 
Strategy Benefits Drawbacks 
Pre-lecture quizzes, but allowing 
class participation without 
completion 
Signals importance of 
preparation, so students have 
foundation for in-class work 
Small point value may be weak 
incentive; may have to 
adjudicate claims of technical 
problems 
Pre-lecture quizzes, but barring 
class participation without 
completion 
Strongest enforcement to ensure 
students are prepared for in-
class work 
Highly inflexible so doesn’t 
respect that students must 
balance commitments 
Checking notes in person 
before/during class 
Signals importance of 
preparation; notes are less 
superficial than quiz 
Logistically impractical; small 
point value may be weak 
incentive 
Nothing – trust students to make 
their own decisions 
Maximum flexibility for 
students to balance demands 
Some students will not complete 
pre-class video/reading 
Italics indicate that I have not tried this approach 459 
